The nucleotide sequence of tRNA e from Bacillus subtilis W 23 has been determined using 32 P labeled tRNA. This is the second B_. subtilis tRNA so far reported. The nucleotide sequence was found to be
INTRODUCTION
Most of the primary structures of phenylalanine specific tRNAs determined so far have been those of eucaryotic organisms (1) . The nucleotide sequences of tRNA e from E. coli (2) and from 13. stearothermophilus (3) are the only bacterial phenylalanine tRNA structures known. Since tRNA from B_. subtilis can be charged by the phenylalanine tRNA ligases of ]!. coli, B_.
stearothermophilus and yeast to the same extent as by the homologous ligase (unpublished results), we wanted to check whether the nucleotide sequences believed to be involved in the aminoacylation process are similar to those proposed for yeast tRNA (4) anc by the phenylalanine tRNA ligase.
proposed for yeast tRNA e (4) and yeast tRNA a (5) , which is also charged
In previous papers the existence of additional isoacceptors of tRNA in 15. subtilis as a result of certain growth conditions was described (6) (7) (8) .
The analysis of both isoacceptors showed differences solely in the content of two modified nucleosides. Nevertheless, the knowledge of the total primary structure is necessary for deriving conclusions on the origin of the newly arising species. In addition to the reasons above, the unavailability of known tRNA structures from non-thermophilic organisms, but closely related to the thermophilic J3. stearothermophilus for comparison of their tRNA structures, prompted the determination of the tRNA structure of the grampositive microorganism B. subtilis.
MATERIALS AND METHODS
Pancreatic RNAse and snake venom phosphodiesterase were obtained from (10) . Crude tRNA was prepared as described (11) . The phenylalanine specific tRNA was purified by two successive column chromatographies: (1) BD-cellulose and (2) RPC-5 material as described previously (11) . Phenylalanine tRNA together with tRNA y and one species each of tRNA and tRNA were separated from the bulk tRNAs on BD-cellulose. These four tRNAs are eluted together in 1,5 M sodium chloride buffer containing 0-30% gradient of ethanol, due to their hydrophobicity. In the second step, the tRNAs were further separated on a RPC-5 column at pH 7.5. Final purification of tRNA e was achieved by disc electrophoresis on 10% acrylamide slab gels 40 cm in length (12) . In some preparations fractionation by RPC-5 chromatography was replaced by two dimensional gel electrophoresis as described earlier (12) . 32 Enzymatic degradation of the [ P] tRNA and also identification of the resulting oligonucleotides were done by standard procedures (13, 14) . Larger oligonucleotides derived by limited 1^ treatment of the tRNA were separated by polyacrylamide gel electrophoresis (15% or 20%) containing 7 M urea (15) .
For identification of modified nucleotides, the complete tRNA and the oligonucleotides were digested extensively with RNAse T,.
The hydrolysates were subjected to two dimensional thin layer chromatography in solvent systems described (16) . The identity of 2-thiomethyl,6-isopentenyl adenosine was determined by the UV absorption spectrum of the nucleoside isolated from Php non-radioactive tRNA as described (8) .
RESULTS
The separation of the mononucleotides obtained by complete digestion of Phe The analysis of T 1 RNAse digestion products are described in Table I .
Those oligonucleotides which could not be sequenced by the methods described in Table I , were investigated further as indicated in Table III .
The deduced sequence of each spot is also given in Fig. 2 .
Four of the 1. RNAse digest endproducts had to be analyzed by partial digestion with venom phosphodiesterase in the presence of alkaline phosphatase in order to establish the questionable sequences of pyrimidines.
Either by determination of the M-values (13) or by compositions analysis of each intermediate found, we could determine unambiguously the fragments C-U-C-Gp, C-U-C-A-Gp, U-m G-U-C-Gp, and A-U-U-C-C-Gp.
The sequence A-C-U-Gm-A-A-ms i A-A-t()-C-C-Gp could be deduced from the combined results of Table I and Table III These spots after digestion with venom phosphodiesterase gave 3pG, pU, pD, pT, for one of the spots and pG and pC for the other. This analysis together with the respective position of the oligonucleotides on the fingerprint proved the sequence of the individual fragments.
The sequence containing the anticodon was determined as described for the analogous structure of the T. RNAse fingerprint. All other oligonucleotides derived by complete pancreatic RNAse digestion were unambiguously determined by the methods given in Table II . The exact molar amounts of the mono-and dinucleotides were calculated for the T.. products from the pancreatic oligonucleotides and for the pancreatic products from the T oligonucleotides
Overlapping fragments of the tRNA e (see Figure 4) were obtained by partial T. RNAse digestion. The larger oligonucleotides were separated on polyacrylamide gels. One half of the eluted material from each band was digested •-U)
till: till- Analysis for final sequence determination la described In Table III . 
•-U),D-U)
A-C-(2),C-U) subtilis which is missing both modifications in the anticodon loop (8) .
Whether the lack of these modifications is the only difference between the isoacceptors of tRNA will be investigated by comparison of fingerprints of these species.
The primary structures of IJ. subtilis tRNA Phe and E. coli tRNA 
